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ABSTRACT 
Erosion and sediment control practices on construction sites provide vital protection for 
the environment, minimizing the impact from sediment-laden runoff associated with construction 
activities.  Federal, state, and local regulations require regular inspections of erosion and 
sediment control practices to ensure their performance is adequate.  This study developed an 
innovative approach to stormwater inspections and design guidance by integrating tools and 
guidance into aerial stormwater inspection outcomes.  Aerial inspections were integrated with 
photogrammetry, geospatial information systems, and deep learning-based object detection 
applications to assist in performing inspections and develop site plans, hydrologic analyses, 
practice detection, and soil loss modeling.  Orthomosaic views were used for creating site plans 
and developing object detection data sources.  Digital Surface Models (DSMs) were developed 
as datasets for evaluating the performance of the E&SC practices on site.  These surface models 
were used for running hydrologic analyses and developing soil loss models.  The use of DSMs 
improves stormwater inspections and design approaches since DSMs serve as datasets for 
evaluating design efficiency with the incorporation of aerial inspection outcomes.  Trial 
inspections were performed at the U.S. highway 30 construction site in Tama County, Iowa.  
Preliminary results were prepared to demonstrate a comprehensive framework for aerial 
inspections in future studies.  This research introduces aerial inspections as an effective method 
to streamline inspection procedures.  This could be in the form of  using fewer inspectors, 
providing better record keeping, having faster inspection procedures and developing efficient 
outcomes to evaluate the performance of practices.  The study highlights the potential for this 
technology and developed approaches to be used in the construction industry. 
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CHAPTER 1.    INTRODUCTION  
Background 
The construction industry contributes to the U.S. economy by producing $1.3 trillion 
worth of structures each year (Associated General Contractors of America 2019).  Due to the 
nature of ground disturbing activities associated with construction, a potential risk to release 
large amounts of sediment into water bodies exists (Dressing et al. 2016).  According to Mid-
America Regional Council (2010) 70% of the sediment pollution comes from land-disturbing 
activities in the U.S. and is attributed to human use with one of the biggest contributors being 
construction sites.  Altogether, it is estimated that construction sites cause an annual soil loss of 
up to 100 tons/ac in the U.S. (USEPA 1999).  According to data collected from 3.5 million miles 
of rivers and streams, the U.S. Environmental Protection Agency (USEPA) assesses sediment as 
one of the major causes of pollution.  Anthropogenic associated sediment discharge results in the 
destruction of fish habitat, degradation of water quality, and reduces the capacity of streams, 
harbors, and rivers (USEPA 2017a).  Erosion on construction sites is primarily caused by rainfall 
and wind.  Temporary and permanent erosion and sediment control (E&SC) practices are used 
on construction sites to reduce the amount of soil loss due to erosion.  Through the Clean Water 
Act (CWA), the National Pollutant Discharge Elimination System (NPDES) permit regulates 
point and nonpoint sources of pollution and obligates operators of construction activities to file 
for a Construction General Permit (CGP) (United States Congress 2002).  The Clean Water Act 
was established in 1972 and originally regulated point pollutant sources by requiring the 
application of technology and water quality based controls to protect waters of the U.S. (United 
States Congress 2002).  Land disturbing and grading activities on construction sites require the 
need for E&SC practices due to the amount of exposed land susceptible to erosion.  Phase II of 
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NPDES program targeted nonpoint source pollution and required construction activities, which 
generates land disturbance greater than 1 acre to receive coverage through the CGP (USEPA 
2000).  Stormwater Pollution Prevention Plans (SWPPPs) are the documents that shows the 
stormwater management plan of a construction project for minimizing stormwater pollution 
(USEPA 2007).  The CGP permit emphasizes the significance of a well-developed SWPPP for 
limiting the environmental hazards that are brought by construction activities (USEPA 2017b).  
Inspections are one key component of CGP compliance and are useful for ensuring the correct 
implementation of SWPPPs at construction sites.   
The CGP requires the permit holder incorporate E&SC practices on site and to conduct 
regular inspections to ensure practices are functioning correctly and to detect deficiencies and 
vulnerabilities (USEPA 2017b).  The deficiencies could be occurring due to improper geotextile 
usage, wrong installation, inadequate fastenings and incorrect post spacing etc.  The 
vulnerabilities could be observed during inspection due to the need for design modifications with 
changing site conditions.  Site inspectors detect these vulnerable areas and deficiencies to 
determine the need for corrective actions.  Traditionally inspections are performed on foot, 
requiring a state inspector to walk the entire jobsite.  This can be a time-consuming and arduous 
task, especially on large construction projects.  The purpose of erosion control practices is 
handling surface runoff in a way that preserves the site boundaries while minimizing the impact 
of erosion on the surroundings.  The purpose of sediment control on construction sites is keeping 
the eroded soil on site for preventing water pollution in nearby waterbodies.  Silt fence perimeter 
controls, construction entrance pads, surface roughening, mulching, seeding, erosion control 
blankets, rock check dams, wattles, and erosion bales are some examples of E&SC practices.  
Figure 1 shows some examples of E&SC practices that were observed on site during this study. 
12 
 
  
(a) sediment basin (b) silt fence perimeter control  
  
(c) silt fence ditch checks (d) wood chip wattle ditch check 
  
(e) straw wattle ditch check (f) rock check dam 
Figure 1:  Examples of E&SC Practices. 
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Emerging Technology & Modeling 
Unmanned Aerial Vehicles (UAVs) are an emerging technology that with recent 
innovations has a multitude of uses in civil engineering applications.  The construction industry 
is a beneficiary of this technology with applications in visual observation and documentation on 
construction projects.  Unmanned Aerial Systems (UASs), which include UAV and UAV-related 
equipment and sensors, are capable of capturing high-quality aerial images, which can be used 
for monitoring and inspection purposes.  Construction stormwater inspections can benefit from 
this tool by producing comprehensive inspection outcomes that can be useful for monitoring and 
record keeping. 
Photogrammetry is a computer science based approach that provides information on the 
properties of surfaces by using imagery (Schenk 2005).  UAS technology can provide imagery to 
be used for photogrammetry applications for creating three-dimensional (3D) maps and models, 
known as digital surface models (DSMs).  These models are created by stitching together 
overlapping images taken from different perspectives to create an orthographic mosaic, or ortho-
mosaic.  UAV based orthomosaics are more advantageous for creating DEMs instead of using 
satellite or airplane required imagery since UAVs are cheaper and they offer quick deployment 
compared to the other aerial image capturing methods.  Moreover, they operate in lower altitudes 
and capture high resolution images.  The outputs of photogrammetry applications can be 
displayed in geographic information system (GIS) and computer aided design (CAD) software, 
which is capable of analyzing various types of georeferenced data for a variety of applications.  
GIS applications provide the opportunity to apply a variety of tools on DSMs.  GIS capabilities 
allow for the improvement of stormwater inspections and design approaches by providing 
hydrologic analysis, soil loss models and site plans.  
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Deep learning-based object detection is a computer vision science that predicts the 
location of objects by using classification and localization tasks (Lecun et al. 2015).  It is a useful 
technology that has recently become popular for automating detection procedures.  It has been 
used for various applications such as image retrieval, security, vehicle detection, person 
detection, surveillance and machine inspection etc. (Lecun et al. 2015).  Researchers utilize deep 
learning-based approaches to solve a variety of problems in civil engineering that includes 
structural damage detection (Gao and Mosalam 2018) and crack detection (Cha et al. 2017).  
This unique approach can improve inspections by applying deep learning principles to the 
proceedings of photogrammetry applications for determining number, length, and location of 
E&SC practices. 
Soil loss models enhance design guidance for E&SC practice implementation by 
identifying slopes that are susceptible to significant erosion.  The Revised Universal Soil Loss 
Equation (RUSLE), is used to develop models that estimate the amount of soil loss in 
tons/acre/year.  The RUSLE model considers the effect of rainfall erosivity, soil erodibility, 
topography, cover management, and practice factors (Renard et al. 2011).  RUSLE models are 
traditionally developed for individual slopes.  The integration of GIS provides a unique 
opportunity to apply RUSLE across a larger landscape, providing designers with macro-scale 
data that can be used towards guiding the selection and placement of E&SC practices. 
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Research Objective 
The primary objective to this study was to develop an innovative approach to stormwater 
design guidance and inspections by integrating aerial inspection tools and software.  To achieve 
this research goal, the following tasks were performed: 
1) Literature review on UAS platforms, acquisition of a UAS system, and piloting 
licensure; 
2) Development of aerial inspection protocols; 
3) Application of aerial inspections on active construction sites; 
4) Processing of data collected to create digital models; and 
5) Manipulation of models for developing guidance for E&SC designers and inspectors. 
Aerial inspections were combined with photogrammetry, GIS, CAD, and deep learning 
applications to develop site plans, hydrologic analyses, practice detection, and soil loss models.  
Trial inspections were performed at the U.S. highway 30 construction site in Tama County, IA.  
Preliminary results were collected to prepare a comprehensive framework for aerial inspections 
in future studies.  This creative component highlights the potential for using this technology for 
construction stormwater inspections to assist operators meet NPDES permit requirements.  The 
main contribution of this study is in determining the capability of manipulating data acquired 
through UAV-based aerial inspections by demonstrating applications with software tools.  This 
evaluation provides a strong basis for developing applicable inspection recommendations, which 
will be available for the use of inspectors and designers. 
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Creative Component Organization 
This thesis is divided into seven chapters that organize, illustrate, and describe the steps 
taken to meet the defined research objectives.  Following this chapter, Chapter Two: Literature 
Review, provides an overview of the current technology and research performed on the 
development of UAS-based construction stormwater inspections and soil loss models.  Chapter 
Three: UAS-based E&SC Inspections, details the development of aerial inspection approaches by 
discussing required equipment and methodology for providing proper inspection framework.  
Chapter Four:  Photogrammetry and GIS Applications, highlights software requirements, 
methods and procedures developed for dataset preparation that includes orthomosaics and DSMs. 
Moreover, this chapter outlines the methodology for preparing site plans and conducting 
hydrologic analysis.  Chapter Five:  Deep Learning Approach, emphasizes preliminary results on 
using aerial imagery to detect E&SC practices for automating inspection procedures.  Chapter 
Six: Soil Loss Modeling, describes the methods for generating soil loss models by using RUSLE 
equation in GIS environment and discusses the preliminary results.  Chapter Seven: Conclusion, 
provides a summary of the tasks accomplished and identifies research that can be conducted to 
further advance this research effort. 
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CHAPTER 2.    LITERATURE REVIEW 
Unmanned Aerial Vehicles (UAVs) 
UASs can be defined as a system that includes UAV and UAV related sensors and 
equipment that connects and controls the aircraft (FAA 2012).  UASs are light aerial vehicles 
(less than 11 lbs.) that work with brushless electrical motors and include high-quality cameras 
(Adams et al. 2012).  Various sensors such as consumer grade cameras, thermal cameras, 
hyperspectral cameras, and laser scanners are compatible with UAVs (Colomina and Molina 
2014).  UASs are a quickly emerging remote sensing tool, which presents spatial data at a 
remarkable and temporal resolution.  In early stages, the primary focus of the UASs was 
primarily for military applications (Turner et al. 2012).  The origins of UAS can be traced back 
to World War II, where militaries adopted the concept of protecting human life by using remote 
surveillance to avoid high-risk areas (Eisenbeiss et al. 2004).  
UASs are expanding their target market through rapidly developing technology, taking a 
strong and important role in providing innovation for meeting the demands of a variety of 
professional fields including: military, agriculture, disaster management, and construction (Zhao 
and Bonakdarpour 2018).  According a WinterGreen Inc. (2016) projection, the worldwide 
market revenue of UASs will be $36.9 billion by the year 2022, which represents the scale for 
the market extension of UASs.  The main reason behind this rapid growth is the compatibility of 
UASs with different technologies and sensors.   
Federal Aviation Administration regulates UAS usage by requiring equipment 
registration and remote pilot certification.  UAS operators who have a small drone that is less 
than 55 lbs. should pass FAA Part 107 exam to receive official remote pilot certification from 
FAA.  The exam aims to ensure that UAS operators have sufficient knowledge on UAVs and 
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airspace safety.  The remote pilot certificate is valid for two years and it should be renewed by 
re-taking the exam every two years. (FAA 2016)  
Army UAS CoE Staff (2010) classifies UAVs in five different groups according to their 
flight capacities: very low cost close-range UAVs, close-range UAVs, short-range UAVs, mid-
range UAVs and Endurance UAVs.  Table 1 shows the UAV classification of the US 
Department of Defense. UAVs types are also classified as single rotors and multi rotors 
according to their aerial platforms.  Single rotor UAVs only include one larger rotor while multi 
rotor UAVs consist of multiple rotors that decreases the flight time.  Multirotor UAVs are named 
as multicopters, tricopters, quadcopters, hexacopters and octocopters according to the number of 
their rotors.  Moreover, there are fixed-wing type UAVs that uses their wings to generate lift 
instead of using rotors (Vergouw et al. 2016).  Figure 2 shows the classification of different 
UAV types according to their rotors.  
Table 1 :  UAV classification of the US Department of Defense 
Category Size Maximum Gross Take-off Weight (lbs) 
Normal Operating 
Altitude (ft) 
Airspeed 
(knots) 
Group 1 Small 0-20 <1,200 AGL <100 
Group 2 Medium 21-55 <3,500 AGL <250 
Group 3 Large <1,320 <18,000 MSL <250 
Group 4 Larger >1,320 <18,000 MSL, Any airspeed 
Group 5 Largest >1,320 >18,000 MSL Any airspeed 
Notes: AGL: Above Ground Level, MSL: Mean Sea Level 
Source: Army UAS CoE Staff (2010)  
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(a) single-rotor (Prodrone) (b) tricopter (Kingzer HJ-Y3) 
  
(c) quadcopter (DJI Inspire 2) (d) hexacopter (DJI S900 ARF) 
  
(e) octocopter (DJI Spreading Wings S1000 +AP) (f) fixed-wing (senseFly) 
Figure 2:  UAV Types According to Their Rotors  
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UASs for Construction Applications 
The construction industry is adapting new technologies into projects in order to increase 
the efficiency in project management applications.  Construction and engineering inspections 
with UAVs is playing a rapidly increasing role in inspection applications (ENR 2015).  UAVs 
have the ability to capture a vast number of high-resolution images and process data into 3D 
models, which serves the construction industry for surveying, monitoring, and inspecting 
inaccessible locations on construction sites (Feng et al. 2015).  In one unique example, 
Morgenthal and Hallermann (2014) conducted UAV-based structural inspections on a historical 
300-year-old building from the images.  Their study documented the significant role of UAVs 
can play in civil inspections by capturing detailed images of structural damages.  Wang et al. 
(2017) highlights the application of UAVs in civil engineering to estimate earthwork volumes by 
conducting measurements on models developed through photogrammetry.  Entrop and Vasenev 
(2017) used UAVs with infrared sensors to develop thermography surveys to assess energy 
performance of buildings.  Kim et al. (2017) focused on site proximity detection with UAVs for 
determining the risk factors related to equipment accidents that affect the safety of workers.  
Tatum and Liu (2017) provided a review on the use of UAVs in the construction industry and 
showed an increased demand for UAVs in the industry.  Ham et al. (2016) provided an optimistic 
standpoint on the potential for future widespread implementation.  Hence, it can be observed 
from the literature that the construction industry is receiving numerous advantages by integrating 
UAVs into engineering and design applications. 
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UAVs in E&SC Inspections 
Active construction sites are susceptible to increased erosivity due to grading and land-
disturbing activities that often times expose multiple acres of land.  Without preventative 
measures, sediment discharge creates environmental and ecological risks to receiving water 
resources (Eck et al. 2010).  According to the USEPA (2000), construction and ground 
disturbing activities dramatically increase the risk of sediment discharge into streams and 
waterbodies.  The CGP requires construction site operators to incorporate E&SCs and best 
management practices (BMPs) to reduce the risk of downstream impact.  In addition, the CGP 
requires regular on-site inspection and documentation by a qualified credentialed inspector to 
identify the needs or deficiencies of installed stormwater management practices (USEPA 2017b). 
According to Iowa Department of Resources NPDES Permit, unstabilized areas at construction 
sites should be inspected at least once every seven calendar days and any correction action must 
take place within 72 hours of the inspection (Iowa DNR 2018a).   
The use of UASs for stormwater inspections may eliminate time consuming and arduous 
effects of traditional on-foot inspections on large construction sites.  Eltner et al. (2015) 
highlighted the use of UAVs in observing the effects of short-term erosion for a large region in 
Saxon Province.  In their study, the researchers developed digital surface models (DSMs) from 
images acquired by the UAS.  Digital elevation models (DEMs) represents the topographic 
surface by including bare-earth terrain, vegetation and structures.  Digital terrain models (DTMs) 
are the part of DEMs that only represents terrain features.  DSMs are another component of 
DEMs that visualize object characteristics such as vegetation and structures (Gillan et al. 2017; 
Priestnall et al. 2000; Zhou et al. 2013)  The result of their study presented the benefits of 
generating DSMs from aerial images taken by drone on the evaluation of soil surface changes. 
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Perez et al. (2015) conducted a case study for erosion and sediment control inspections 
on construction sites and pointed out the effectiveness of UAS-based inspection applications.  
Gillan et al. (2017) compared the efficiency of traditional ground-based erosion measurements 
with automated methods that are applied by using UAS-based photogrammetric applications.  
This literature review demonstrates how UASs technologies are becoming a preference 
for inspection applications due to their capability of automating many time consuming analysis 
and procedures. 
 
UAS-Based Photogrammetry Applications 
Photogrammetry enables accurate and high resolution 3D object models by using multi-
image stitching techniques (Maas and Kersten 1997).  Photogrammetry applications rectify aerial 
images and create mosaics to be used in monitoring extensive areas (Turner et al. 2012).  
Botterill et al. (2010) defined image mosaicing as a method to stitch overlapping georeferenced 
images for creating a large image that visualizes wide areas.  Remondino et al. (2012) provided a 
review on UAV photogrammetry by evaluating current applications and potential future 
perspectives.  Their study showed that UAV photogrammetry is providing precise outcomes for 
geometric modeling purposes and 3D maps and models. 
Typical products of photogrammetry include DSMs, contours, vector data, and 3D 
models.  To generate accurate products, proper data collection is required which calls for careful 
planning and consideration of flight missions along with calibration and image triangulation 
(Remondino et al. 2012).  A mobile application that plans automated flight missions and enables 
UASs to take georeferenced images by following a predetermined path is the initial step for 
aerial image processing (Pix4D 2015).  A software, which uses image stitching as an efficient 
tool to produce 3D models by using georeferenced aerial images, enables photogrammetry 
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applications on the imagery.  This software uses Automatic Aerial Triangulation (AAT) and 
Bundle Block Adjustment (BBA) to accurately match georeferenced images (Pix4D 2017).  
AAT increases the accuracy of image stitching by using aerial triangulation as a serial execution 
process, while BBA optimizes the images for 3D model reconstruction (Schenk 1997; Zheng et 
al. 2016). 
Ground Control Points (GCP) are visible objects in georeferenced aerial images, which 
provide location and coordinate system information of the feature (Smith and Atkinson 2001).  
D’Oleire-Oltmanns et al. (2012) used photogrammetry techniques to provide DTMs from images 
taken by UAV and they determined GCPs as the main factor that affects the geolocation 
accuracy of the image stitching procedure.  Moreover, Perez et al. (2015) highlighted the 
importance of GCPs for photogrammetry accuracy by using 42 different GCP points in their case 
study field. 
 
GIS Applications and RUSLE 
GIS is a computer-based system which represents geographical data that has a wide usage 
due to its ability to be integrated with many different applications (Maguire 1991).  ArcMapTM is 
a GIS software that offers a suite of features such as data analysis, map creation, and geographic 
data management (Shaner et al. 2000).  GIS can provide and generate various datasets by 
representation and manipulating DSMs (Priestnall et al. 2000). 
Photogrammetric products including DSMs and orthomosaics can be analyzed through 
GIS software.  Gonçalves and Henriques (2015) created high resolution DSMs by applying 
photogrammetry techniques on aerial images to improve existing mapping methods and 
databases of coastal changes.  D’Oleire-Oltmanns et al. (2012) created DTMs by using 
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photogrammetry and running GIS analysis on them for calculating gully volume change.  Eltner 
et al. (2015) used DSMs to observe soil surface changes without any soil disturbance. 
GIS tools can be used to model soil loss estimates by using DSMs and other land use and 
spatial data.  Effective soil erosion rate estimation has been investigated since early 50s and 
various computer-based soil models have been used (Lim et al. 2005; Renard et al. 2011).  Soil 
loss modeling can present accurate data about current erosion rates and can help predict future 
behavior (Ganasri and Ramesh 2016).  The models rely on input variables including rainfall data, 
soil characteristics, topography, cover practices, and sediment management practices (Lim et al. 
2005). 
 
Deep Learning-based Object Detection 
Deep learning is a machine learning method that uses the interaction of human brain 
neurons as a model for perceiving information.  Human brain consists of a complex neural 
network for recognizing and learning information.  Deep learning uses a similar approach by 
using artificial neural networks to learn unsupervised data.  Deep learning-based object detection 
can be defined as a component of computer vision science that predicts the location of an object 
by using classification and localization tasks (Lecun et al. 2015).  Object detection, image 
classification and semantic segmentation tasks have presented significant progress with the use 
of deep learning principles (Zhao et al. 2017).  Deep learning has become popular with the use of 
Convolutional Neural Networks (CNN) in 2000s (Fukushima 1988).  CNN can be defined as a 
pre-trained data to classify objects under various categories.  Ammour et al. (2017) used this as a 
feature extraction tool to detect vehicles from UAV imagery as datasets.  
Cha et al. (2017) used CNNs to detect cracks and defects on civil infrastructure.  Gao and 
Mosalam (2018) implemented deep learning-based object detection principles for identifying 
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structural damages by detecting component type, damage level, spalling condition and damage 
type.  Carrio et al. (2017) reviewed the use of UAVs for deep learning applications and 
determined that deep learning methods provide benefits in planning, situational awareness, and 
motion control.  However, Carrio et al. also pointed out the limitations of using UAV-based data 
such as the requirement of high technology computational resources for processing.  An 
additional study by Adu-Gyamfi et al. (2017) separated object detection into localization and 
classification as two different sets of tasks for vehicle detection.   
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Summary 
This chapter provided a literature review that could form a basis for UAS-based 
stormwater inspections and soil loss model development research.  The literature review is split 
into section that each describe UAVs, UASs in construction, UAS-based photogrammetry 
applications, GIS applications and RUSLE, Deep learning-based object detection.  UAVs section 
defines technical terms on UAVs while also providing information on their types, usage areas, 
advantages and regulations.  UASs in construction section highlights recent research that 
incorporates UASs to the construction industry for various purposes.  UAS-based 
photogrammetry applications section provides information on photogrammetry software, 
processing methodology and recent studies that uses photogrammetry techniques.  GIS 
applications and RUSLE section focuses on the recent work that utilizes GIS for various 
applications and highlights terminology for soil loss model development.  Finally, deep learning-
based object detection section emphasizes the basic principles of object detection procedures.  
The literature review showed the need for providing a proper framework for aerial stormwater 
inspections.  In this study, aerial inspection steps were formed by integrating different 
applications, which will support aerial inspections with data analysis to provide effective 
inspection and design guidance.  
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CHAPTER 3.    UAS-BASED E&SC INSPECTIONS 
E&SC inspections tend to be challenging for inspectors, specifically in large linear 
construction sites, due to time extensive and expensive inspection methods.  Traditionally, 
inspections have been performed on-foot, requiring an inspector to traverse the entire job site, 
documenting the status of installed practices and identifying deficiencies for corrective action.  
These type of inspections are highly inefficient as they require the documentation of every 
practice on-site.  A typical construction site can have several dozen practices installed.  On a 
large highway construction project, the number of installed E&SC practices can be in the 
thousands.  In addition, construction sites can have many areas that may be hazardous or 
inaccessible by ground, which makes the inspection and documentation process more difficult 
for inspectors. 
Inspection documentation and record keeping have a significant role for meeting permit 
requirements and creating a certain framework for them can furnish more effective inspection 
results.  In this study, E&SC inspection methods of the Iowa Department of Transportation 
(DOT) were analyzed for identifying opportunities to improve inspection procedures.  Iowa DOT 
uses a standard inspection form, which determines implementation deficiencies by using written 
descriptions and pictures that are taken during traditional inspections.  In this case, record 
keeping and tracking of the inspection results become challenging for both parties: the inspector 
who is responsible for addressing the implementation issues and the contractor who is 
responsible for correcting deficiencies.  In 2018 alone, the Iowa DOT held 120 active NPDES 
permits  making the documentation and record keeping process much difficult (Iowa DNR 
2018b).  With decreasing state appropriations and staffing, the Iowa DOT has struggled to 
provide proper inspection and reporting, and this situation escalated into receiving a U.S. 
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Environmental Protection Agency (EPA) consent decree (US EPA 2018).  Consent decree is a 
type of settlement between two parties that resolves disputes. In this case, Iowa DOT received a 
penalty payment of $155,000 due to failure to amend SWPPPs, conduct adequate inspections and 
maintain records (USEPA 2018). 
Aerial inspections have been providing innovative approaches in the construction 
industry with the developments in commercial UASs.  Construction sites can be monitored easily 
with the use of UASs for many different purposes from structural inspections to equipment 
detections.  Hence, traditional E&SC inspections can acquire a different dimension with the 
inclusion of UAS-based inspection methods.  Therefore, creating a comprehensive framework 
for utilizing aerial E&SC inspection methods became one of the main goals of this study.  The 
U.S. highway 30 construction site in Tama County, IA was chosen as an ideal candidate for 
conducting this research study since it is a linear construction site and it has large amounts of 
grading activities, which requires frequent stormwater inspections.  The $13 million roadway 
widening project is constructing four lanes of divided highway across a 12 mi. stretch along the 
Ames and Cedar Rapids corridor to meet increasing traffic demands (Iowa DOT 2014).  This 
project requires highly effective E&SC implementations due to a large amount of land disturbing 
activities.  
The first step in preparing for aerial inspections required extensive research on 
commercially available UASs for selecting the appropriate platform for the project.  Inspection 
required a unit which had sufficient technical capabilities for weather conditions and ability to 
use different cameras and sensors.  The DJI Inspire 2 TM was preferred as a UAS system due to 
its relatively inexpensive cost, twenty seven minute battery life, and a lock & go gimbal feature 
for using different type of cameras (DJI 2018).  In addition, DJI Inspire 2 TM provides a 
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comfortable flight experience with its capability for flying in extreme temperatures (-4∘F to 
104∘F) and it uses a well-developed global positioning system (GPS), which assists in flight 
management and tracking (DJI 2018).  Camera quality was another important consideration to 
develop highly effective products with the UAS system.  The Zenmuse X5S TM camera was 
considered as a great option for this study since it can capture high resolution images with its 360 
degree rotatable gimbal and auto-calibration features.  The selected UAS system included a 
UAV, eight propellers (including four spare propellers), twelve batteries, two charging hubs, 
battery heat insulators, remote controller and an iPad Pro 10TM  tablet, as pictured in Figure 1(a) 
and shown assembled in Figure 1(b). 
 
 
(a) kit contents (b) assembled system with Zenmuse X5S TM camera 
Figure 3:  DJI Inspire 2 TM 
 
The second step of the aerial inspection methodology development steps was to 
determine the appropriate automated flight applications that are compatible with the UAS system 
and photogrammetry applications.  Georeferenced images can be captured by using automated 
flight applications and can be exported into photogrammetry software, which will produce 
valuable outputs for E&SC inspections.  Pix4D Capture was preferred for this purpose due to its 
compatibility with Pix4D Mapper software, which stitches aerial images for photogrammetric 
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purposes.  This mobile application sets different flight missions for different purposes such as 
creating 2D maps, 3D models and a single 3D model.  Polygon and grid shaped flight patterns 
are suggested for creating 2D maps, while double grid and circular shaped flight patterns are 
recommended for 3D models.  Single grid flight pattern plans a flight for the UAV to conduct a 
rectangle mission, while double grid flight pattern plans two consecutive rectangle missions 
(Pix4D 2015).  In this study, double grid flight missions were more preferable since it creates 
more precise models due to the number of images that overlap.  However, grid flight missions 
were also preferred in some cases where the area required long distance flights for efficient 
battery usage.   
  
(a) single-grid Method (a) double-grid Method 
Figure 4:  Flight Mission Planning and Spatial Coverage 
 
Ground Control Points (GCP) contributed the photogrammetry development by 
supporting the correction of uncertainties in the image geolocation.  Eight GCPs were prepared 
for this study by creating 2 ft x 2 ft plywood markers and painting with black and white triangles.  
Numbers were assigned and painted on each GCP marking for matching surveying results with 
the initial model.  The most critical part of preparing GCPs was tying each triangle in a point that 
represented the exact ground control location.  The GCP markers were spread on site and the use 
of a Real Time Kinematic (RTK) unit provided a rapid method to obtain northing, easting, and 
elevation information of the GCP markers.  Trimble R8 RTK unit was used for this study, which 
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included 2 GNSS receiver, RTK rover and 2 batteries with charger.  This model offered a 
Bluetooth connection, internal memory, 450-470 MHz internal radio features. Internet 
connection was established by using hotspot connection. 
  
(a) GCP points (b) RTK unit 
Figure 5:  GCP Points and RTK Unit 
 All flights were conducted by Federal Aviation Administration (FAA) certified remote pilots who received all required permissions to conduct flights in the area.  During the course of construction activities from March 2019 to October 2019, over 15 flights were conducted on the site at different locations.  Each automated flight captured over 700 images that were used for developing models of the site.  In addition to automated, pre-programmed flights, manual flights were also conducted to focus on failures or deficiencies on-site.  Aerial inspections were compared to traditional on-foot inspections.  For ground inspections, a Nikon D3500TM camera was used to capture the same failures and deficiencies documented by the UAS.  Figure 6 in the preliminary results section documents the comparison of key silt fence perimeter control deficiencies found on-site.   
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Table 2 :  Aerial Inspections Flight Log 
Date Flight Duration Weather Condition Flight Objective Number of Photos 
03/21/2019 45 min. Cloudy OD & P 637 
03/28/2019 40 min. Mostly Cloudy OD & P 620 
05/23/2019 50 min. Sunny OD & P 673 
07/18/2019 120 min. Partly Cloudy OD & P 791 
07/25/2019 120 min. Sunny OD & P 1,115 
07/26/2019 120 min. Cloudy OD & P 549 
07/29/2019 120 min. Partly Cloudy OD & P 843 
07/30/2019 120 min. Sunny H & I 759 
08/06/2019 120 min. Foggy I 159 
08/19/2019 120 min. Mostly Cloudy I 56 
08/20/2019 120 min. Cloudy H 756 
08/21/2019 120 min. Mostly Cloudy P 162 
09/05/2019 120 min. Partly Cloudy P 575 
09/20/2019 120 min. Partly Cloudy P  479 
09/24/2019 120 min. Clear I 69 
10/17/2019 120 min. Mostly Cloudy I 55 
10/22/2019 120 min. Cloudy I 64 
10/29/2019 120 min. Mostly Cloudy I 83 
Notes: OD: Object Detection, P: Photogrammetry Applications, H:  Hydrologic Analysis, I:  Inspection  
Preliminary Results, Findings and Limitations The development of an aerial E&SC practice inspection framework for implementation showed an impressive potential for including innovative approaches to improve time and cost extensive features of current inspection methods.  The study provided the opportunity to review traditional inspection processes of Iowa DOT, which consists of standard forms filled out by site inspectors.  In speaking with Iowa DOT site inspectors, there is a wide range of approaches taken to conduct and it was evident a standard department-wide practice was not in place (or at least enforced).  Inspections are not conducted all at once, or at one time, but rather deficiencies are identified throughout the work week as inspectors complete other tasks on the jobsite.  Deficiencies and other observations are periodically documented.  This approach can create difficulties in record keeping and tracking, and may not necessarily follow the intent of the CGP inspection 
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 requirements.  This observation supports the need for developing aerial inspection training modules for inspectors to explain procedures and best practices.  Aerial inspections require more technical knowledge than traditional inspections due to the inclusion of technologic equipment and various software packages.  Therefore, it can be interpreted that preparing a training module for aerial inspections will play a significant role in utilizing this new approach on construction sites.  The comparison between aerial and ground acquired imagery provided a basis for understanding the limitations of the traditional inspections.  Figure 6 demonstrates a comparison of ground aerial images captured at the same sites.  Figure 6(a), 6(c), and 6(d) are ground images, and Figure 6(b), 6(d), and 6(e) are aerial perspectives.  The red arrows on the aerial photographs document the location and the perspective of the accompanying ground image.  It can be observed from these figures above that the picture captured with the UAS not only provides a greater vantage of the deficiencies, but also documents upstream issue that are causing the deficiencies.  For example, Figure 6(b) clearly depicts how flow exiting through the slope drains is causing gully formation along the slope and resulting in undermining of the installed silt fence.  From this image the inspector can see the magnitude of impact on the improperly installed slope drains and provide guidance to the contractor on extending the slope drains to the toe of the slope to prevent erosion along the slope.  Figure 6(d) captures the reason behind the sediment accumulation on the silt fence perimeter control.  The silt fence is receiving significant amount of sediment accumulation due to gully erosion that is occurring on the slope.  Figure 6(e) shows a gully on the slope that is resulting in sediment accumulation upstream of the silt fence.  However, it is difficult to observe the entire situation along the 
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 channel with the on-foot camera perspective since the picture gate of the camera is limited and walking on that slope can be challenging and time consuming for the inspector.  This comparison highlights the opportunity to use UAS in E&SC inspections for the aerial perspective advantage, and efficiency in conducting inspections, all while meeting permit requirements.   Figure 7 compares ground perspective with aerial perspective images by using UAS-based and on-foot inspection images on various ditch check practices.  Figure 7(a), 7(c) and 7(e) highlight ground perspective images of a wood chip wattle, straw wattle, and silt fence ditch checks.  Figure 7(b), (d), and (f), provide aerial imagery perspective on these same respective practices.  In Figure 7 (a), it is difficult to observe sediment impoundment behind the wood chip wattle ditch check due to the amount of vegetation.  On the other hand, it can be observed that Figure 7 (b) successfully displays the performance of the ditch check by showing the entire sediment impoundment area in the image.  Figure 7 (d) shows the condition of the straw wattle by capturing the channel behavior from a wider perspective compared to Figure7 (c).  In addition to these examples, Figure 7(e) does not provide a thorough representation of the ditch check performance since conditions behind the silt fence are not captured.  However, Figure 7 (f) completely captures the details of the practice.  This comparison shows that aerial perspective provides more information about the practice’s condition and performance s it displays the condition of E&SC implementations together with flow behavior in the channel.  Observing channel conditions in these images helps inspectors detect maintenance needs.    
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(a) overtopping failure (ground perspective)  (b) overtopping failure (aerial perspective)  
  
(c) sediment accumulation (ground perspective) (d) sediment accumulation (aerial  perspective) 
 
 
(e) sediment accumulation (ground perspective) (f) sediment accumulation (aerial perspective) 
Figure 6:  Comparison of Silt Fence Inspection Documentation 
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(a) wood chip wattle (ground perspective)  (b) wood chip wattle (aerial perspective)  
 
 
(c) straw wattle (ground perspective) (d) straw wattle (aerial  perspective) 
  
(e) silt fence (ground perspective) (f) silt fence (aerial perspective) 
Figure 7:  Comparison of Ditch Check Inspection Documentation 
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 Preliminary results showed that traditional inspections tend to be more time extensive and may require a large number of personnel due to the large amount of areas on construction sites.  On the other hand, aerial inspections save time and ensure the safety of inspection personnel since the UASs are controlled remotely by a remote pilot and a visual observer.  UASs can reach inspection areas rapidly and capture multiple images from different perspectives with a wide picture gate that can provide context towards the underlying cause of the issue.  In addition, aerial inspections provided an opportunity to track the progression of the construction site and individual practices by capturing weekly changes on the same practice.  Figure 8 shows aerial inspection images of a silt fence perimeter control on a slope that was experiencing significant amount of degradation with time.  Aerial images shown in the figure captures the condition of the slope and the perimeter control practice from August 2019 to October 2019.  This approach provides an efficient method for tracking critical conditions on site.   
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(a) silt fence perimeter control M1(3) 08/09/2019 (b) silt fence perimeter control  M1(3) 08/19/2019 
  
(c) silt fence perimeter control  M1(3) 09/05/2019 (d) silt fence perimeter control  M1(3) 09/20/2019 
 
 
(e) silt fence perimeter control M1(3) 09/24/2019 (f) silt fence perimeter control M1(3) 10/29/2019 
Figure 8:  Tracking of Degradation with Aerial Inspections 
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  The limitations, which are determined from the findings of this study, generally depend on technical limitations of the UAS.  The battery life is a key element that can possibly influence the efficiency of inspections if the system is not equipped with enough numbers of batteries.  Each battery had 27 minutes of battery life including approximately five minutes of reserve to allow the UAS to automatically return to the take-off location.  Each double grid mission covered approximately 1,400 x 300 ft2 area and took 20 minutes to complete.  It is important that the developed inspection procedures consider battery life and include recommended number of batteries.  The inspectors should focus on flying over known locations on the site where practices exist for efficient battery usage.   Another factor that must be taken into consideration for aerial flights is weather conditions.  UAVs are highly sensitive to wind, and challenging weather conditions can influence the safety of the flight.  Weather limitations specific to the UAS platform should be well understood by the remote pilot operator to reduce the risk of safety issues during inspection operations.  In addition, high wind conditions cause photographs to become blurry, reducing their value.  The UAS used in this study could handle a maximum wind of 17 mph, which was helpful for capturing images in Iowa’s windy weather conditions.  Another weather consideration is sunlight.  Over-exposure of images resulted in poor quality as ultraviolet (UV) lights can reduce the contrast of the images.  In this study, the weather conditions required the use of UV filters for the camera lens for protecting the image quality. Figure 9 compares aerial images with and without UV filter for showing the difference in image quality.  Figure 9(a) has lower contrast since it was taken without UV filter and Figure 9(b) has a better image quality since the filter is blocking UV lights.  
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(a) aerial image without the UV filter (a) aerial image with the UV filter 
Figure 9:  The Impact of UV Filter  
Summary  Taking everything into account, this study performed in a way that shows the possible benefits that can be received by utilizing E&SC aerial inspections at construction sites.  Further studies will focus on creating an organized framework for aerial inspections together with a training module for E&SC inspectors and designers.  It is possible that the technical limitations described in this study can be improved with the ever-evolving UAS technology.  Aerial inspections tend to create an innovative approach in the construction industry for E&SC perspective which will help project parties meet the environmental requirements and commitments.   
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CHAPTER 4.    PHOTOGRAMMETRY AND GIS APPLICATIONS 
Photogrammetry applications maintain a reliable view of practices and an accurate 
measurement of surfaces in the area by using aerial imagery.  The outputs of photogrammetry 
applications consist of an orthomosaic view, point cloud and a DSM which forms a dataset for 
different analysis.  These outcomes are georeferenced and can be imported into GIS software for 
creating site plans, which include current practices.  GIS tools can be used to further analyze 
DSMs through the use of hydrologic tools. In this chapter, the methodology of photogrammetry 
and the use of its outputs in GIS applications will be discussed.  
Photogrammetry uses picture stitching technique that combines multiple georeferenced 
aerial images in a way that can provide a scaled view of the site with a large perspective and high 
resolution.  In this study, photographs obtained during aerial inspections of the U.S. highway 30 
construction site were used to conduct photogrammetric applications.  This process was 
necessary to develop output products that could be used by other software for analysis.  The 
applications and preliminary results of these purposes will be discussed in this study.  
Photogrammetry Processing 
Pix4DMapperTM is a photogrammetry software that stitches georeferenced aerial images 
in three processing steps (initial processing, point cloud and 3D mesh production and DSM, 
orthomosaic production) and provides a 3D map of the survey area, which has outputs that 
contribute towards different analysis.  Sixteen different models of the site were produced by 
using this photogrammetry processing tool for various locations of the construction site.  Seven 
of the processing outcomes mainly served for deep learning-based object detection applications, 
two were produced for creating site plans and applying hydrologic analysis.  The rest of the 
outcomes were used for small scale photogrammetric trials for E&SC practices. 
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The Pix4D software requires initial input data prior to initiating data processing, these 
include information related to the camera model, image upload coordinate system, and map type.  
The coordinate system used for all models was kept consistent at Iowa North NAD83, the local 
projection system.  The images were uploaded in .jpg format and EXIF data, which specifies 
formats for images, was obtained automatically by the software.  Initial processing created 
matches between hundreds of images and used AAT and BBA methods for optimizing the 
images in a way that increased the accuracy of the orthomosaic.  At the end of the each initial 
processing, the software provided a quality report that showed the accuracy of the image 
stitching.  These quality reports presented the need for increasing the image location accuracy 
since each model had approximately 6 ft of error in elevation, northing, or easting.  This error 
was calculated in the quality reports by using mean, standard deviation and root mean square 
methods in each direction (X, Y, Z).  Figure 10 shows the overlay of georeferenced aerial images 
during initial processing.  Blue dots represent the calibration process and green dots confirm 
matches between the images. 
 
 
Figure 10:  Initial Processing Step 
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After completion of initial processing in Pix4D, the sequence is interrupted for 
incorporating GCPs into the model.  At least three manual tie points (MTPs) were created and 
saved with the same name of the GCP by identifying images which formed the GCP in the 
model.  Each MTP had at least eight images that included the selected GCP. GCPs were 
imported as a .txt file into the software, and MTP points were matched with GCP points.  
Reoptimization was a requirement at this stage for matching the model with the GCP points by 
readjusting the camera parameters.  The result of the reoptimized model can be seen in Figure 
11. Purple points represents the location of the GCP points and green points shows reoptimized 
MTP points with updated GCP locations.  
 
 
Figure 11:  Re-optimized Site Model with GCP Points 
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The second step of the processing created a densified point cloud view of the area of 
intent by using additional tie points, which increased the accuracy of the model.  Point cloud 
represents data points related to the surface view, which are created by using the image stitching 
technique.  The third processing step created a DSM and an orthomosaic view of the area of 
intend in tagged image file format (.tiff), which can be imported into ArcMap for further 
analysis.  These outputs were imported into ArcMap 10.5.1 by using the same coordinate and 
projection system for conducting analysis on the surfaces.  The imported orthomosaic views 
provided a dataset for site plans and deep learning-based object detection applications.  DSMs 
were used as datasets for hydrologic analysis and RUSLE applications.  
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(a) layout of orthomosaic view 
 
(b) mosaic view that displays DSM 
 
(c) contour lines created by using the DSM 
Figure 12:  DSM and Orthomosaic Outputs with Contour Lines 
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GIS Applications 
GIS applications were used as a tool to perform analysis on the developed site models.  
The site contained a specific area of interest between station 380 and station 460 that had several 
types of check dams and perimeter controls, which were being tested for their performance 
through a separate Iowa DOT funded research effort.  A hydrologic analysis was conducted on 
the study area to create a better understanding the flow behavior on the E&SC practices 
monitored.  DSMs, which were the outcomes of the photogrammetry applications, were used as a 
base raster for hydrologic analysis.  Since the DSMs had high resolution, the aggregate tool was 
a requirement to decrease the resolution for rapid processing.  It decreased the resolution of the 
raster-based on mean aggregation strategy.  The fill tool was used for filling out the sinks which 
are occurring due to resolution errors in some parts of the DSM.  This fill layer was a basis for 
the flow direction tool which calculates the direction of the flow from every cell in the raster and 
provides a data set for the flow accumulation.  The flow accumulation tool calculated the 
accumulated weight of each cell flowing into downslope cell and used this for creating a raster 
mask which visualized the flow accumulation raster in a better approach to be used in the stream 
to feature tool.  The stream to feature tool showed the behavior of the flow in the channel with 
polylines.  These analyses showed the behavior of the flow and served as a base map for 
watershed and delineation applications.  Figure 13 demonstrates the existing ponds in front of 
wood chip wattles by extracting the fill layer from the DSM. Figure 13 (a) shows an aerial 
imagery to show the practices clearly and Figure 13 (b) shows the impoundment formations.  
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(a) mosaic view to clearly show the practices 
 
(b) extraction of DSM from the fill layer for observing ponds 
Figure 13:  Observation of Flow Behavior 
 
Each practice located in the area of intent was experiencing the effect of flow 
accumulation amount.  Therefore, predicting the amount of flow that contributed to each practice 
was important to determine the factors affecting the design.  Watershed and delineation 
applications were used to determine the contributing area for each practice.  Contours were 
created to determine the lowest elevation of the each practice which will represent the outlet 
point for the contributing area.  Point features were created for the lowest point of each practice 
and the snap pour point tool was used for preparing an input layer for the watershed tool.  
Running the watershed tool after creating a raster from pour points created the catchment areas.  
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However, this method had limitations for calculating catchment areas for each practice 
since distances between the practices were not large enough for accurate calculation of the 
catchment areas.  Moreover, using GIS hydrology tools requires some technical expertise which 
may be considered as challenging and time consuming by the professionals who will potentially 
utilize this tool for improving E&SC designs. 
 
Civil 3D Applications 
The second method for calculating the catchment area for each practice was using 
Autodesk AutoCAD Civil 3D TM catchment area calculation tools.  This method provides prompt 
assumptions on the catchment areas compared to the previous GIS method.  The first step of this 
method was creating a surface in Civil 3D by importing contours from ArcMap, which were 
created by using the DSM.  These lines were exported in .dxf format and converted into a surface 
by using create surface tool in Civil 3D.  Figure 14 shows the contour lines that were created in 
ArcMap and the surface that was created in Civil3D. The contour line interval was 5 ft in the 
figure below. 
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(a) contour lines in ArcMap 
 
(b) wireframe view of the 3D surface in Civil 3D 
Figure 14:  Contour Lines and Civil 3D Surface 
 
After creating the surface, the water drop tool was used to observe the flow direction on the 
surface.  This tool shows where would water flow to if it were dropped on a certain point.  The 
lowest point of each practice were located as point feature in ArcMap and the contour line 
interval was re-arranged as 1 ft.  Catchment areas were calculated for each practice by using the 
create catchment area from surface tool.  This tool automatically calculated catchment areas for 
specific points by considering runoff coefficient as 0.5, which stands for bare packed soil, and 
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using TR-55 as time of concentration method.  Figure 15 illustrates an example for catchment 
area calculation in Civil 3D.   
 
Figure 15:  Catchment Area 
 
Table 3 shows the preliminary results for catchment areas of select wattle and silt fence check 
dams. 
Table 3 : Measured Catchment Areas 
Practice Catchment Area (ft2) 
Wood Chip Wattle Check Dams   
 M3-S5-M2-S4 1,302 
 S3-M1-S1 23,854 
Silt Fence Check Dams   
 M3(3) 23,854 
 M2(3)-M1(3)-S(3)-M3(2)M2(2) 1,785 
 M1(2)-S(2)-M3(1)-M2(1)-M1(1) 1,127 
 S(1) 1,925 
 
Site Plans 
Another contribution resulting from GIS software in this study was the preparation of 
detailed site plans by creating layouts that include labels for each practice.  The goal of this step 
was to allow for the comparison of site plans to field installs.  This will allow inspectors to 
identify any missing practices after installation.  The site plan was created for the specific Iowa 
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DOT research study area by importing the mosaic view of the area which was processed as a 
combination of four different double grid flight missions.  The site plan was divided into sections 
with the inclusion of station numbers since the stitched image was representing a narrow and 
long area that had perimeter controls and ditch checks.  Figure 16 shows part of the site plan 
created in ArcMap. 
 
Figure 16:  Site Plan Created in ArcMap 
 
The last step of GIS applications was creating scaled layouts of orthomosaic views that 
were created for various locations on the site, which includes different types of E&SC 
applications.  These layouts were exported as .jpg format with 600 dpi resolutions for deep 
learning-based object detection applications, discussed further in Chapter 5.  The most important 
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factor of the exporting step was resolution and the number of the practices in the image.  The 
practices should be visible in the image when zoomed in for being eligible to train the code for 
detecting the practices.  The number of practices increases the percentage of detection accuracy.  
Hence, seven different layouts were prepared in the GIS interface for detecting E&SC practices 
on site with high accuracy. 
 
Summary 
This chapter focused on using aerial images, which were captured during aerial 
inspections, in photogrammetry and GIS applications.  Photogrammetry applications provided 
orthomosaic and DSM outputs, which were used as datasets for various analysis. GIS 
applications provided site plans that indicates the location of E&SC practices for the area of 
intent.  Hydrologic analysis were applied to calculate catchment area for practices by using GIS 
and Civil 3d tools.  This chapter showed the use of aerial inspection outcomes in different 
applications, which have the capability to improve inspection and design procedures.  
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CHAPTER 5.    DEEP LEARNING APPROACHES 
In this chapter, the application of developed data will be discussed for highlighting 
innovative approaches that can be combined with aerial inspections.  Deep learning-based object 
detection has a wide usage area from car detection to construction equipment detection.  In this 
study, UAV imagery was used for detecting E&SC practices on construction sites for automating 
inspection processes.  This part of the study is a collaborative effort of Iowa State University 
researchers from different disciplines since it requires knowledge from two different professional 
areas: aerial inspections for E&SC and deep learning.  
 
 
As illustrated in Figure 17, the first step of applying deep learning principles to the 
developed data was preparing ready to use datasets for training the object detection code.  Seven 
 
Notes: a-aerial image capturing, b-mosaic view layout preparation, c- image tiling, d- annotations , e-image 
merging, f- preliminary detection, g-post-processing 
Figure 17:  Rock Check Dam Detection Procedure  
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layouts were prepared in ArcMap by using mosaic outcomes and exported as .jpeg format with 
600 dpi.  These layouts were tiled into multiple images for the annotation procedure.  
Python environment was used for annotating images and the results were created as .json 
file format.  Objects were labeled according to their names and annotation borders were created 
as close as possible for increasing the accuracy of the learning procedure.  More than 200 labeled 
.json files were used for feeding the object detection code which became capable of detecting the 
practice. 
 
Figure 18:  Rock Check Dam Annotation 
 
The code was trained with annotated images by using R-CNN and these images were 
merged back for checking the accuracy in the whole image.  Some annotations resulted in 
overlaps for some practices since they were partially cut during the tiling process and their parts 
were detected in other tiled images.  Therefore, post-processing was a requirement for reducing 
errors in the detection.  A certain distance was laid down as a condition that triggers the code; if 
the center of two practices in different tiled images were shorter than that value, it would 
consider it as one single practice.  This condition helped to improve the accuracy of the deep 
learning model. 
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Preliminary Results, Findings and Limitations 
Preliminary results showed that the model is capable of detecting rock check dams with 
approximately 70% accuracy on average.  Whenever the model receives an image that has rock 
check dam in it, it can classify and localize the object as a rock check dam with 70% precision.  
This result provided positive feedback on incorporating deep learning principles with aerial 
inspections since it enabled receiving information about practices from aerial images.  The model 
can become more precise with the inclusion of more data that can be produced by increasing the 
number of aerial inspections.  Figure 19 shows some of the preliminary results for detecting rock 
check dams.  Further studies will include other practices such as wattles and silt fences. 
   
(a) 99.98% accuracy (b) 74.54% accuracy (c) 99.99% accuracy 
Figure 19:  Rock Check Dam Detection Preliminary Results 
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CHAPTER 6.    SOIL LOSS MODELING 
In addition to improving inspections applications, an additional benefit from aerial based 
products includes the development of precise soil loss models of construction sites.  Soil loss 
models such as the RUSLE and the Modified Universal Soil Loss Equation (MUSLE) estimate 
rates of soil erosion caused by rainfall and overland flow.  RUSLE and MUSLE can be both used 
with ArcGIS. The difference between these two equations is RUSLE takes rainfall erosivity into 
account, while MUSLE focuses on runoff volume and peak flow rate. The MUSLE is presented 
in Eq. (1). 
 𝑆𝑆𝑦𝑦 = 𝑎𝑎�𝑄𝑄′ ∗ 𝑞𝑞𝑝𝑝�𝑏𝑏 ∗ 𝐾𝐾 ∗ 𝐿𝐿𝑆𝑆 ∗ 𝐶𝐶 ∗ 𝑃𝑃 Eq. (1) 
where, 
 𝑆𝑆𝑦𝑦 = sediment yield (t), 
 𝑎𝑎  = location coefficient 
 𝑏𝑏 = location coefficient 
 𝑄𝑄′ = Runoff volume (ac-ft)  
 𝑞𝑞𝑝𝑝 = peak flow rate (ft3s-1) 
 𝐾𝐾 = soil erodibility factor 
 𝐿𝐿𝑆𝑆 = length-slope factor 
 𝐶𝐶 = crop management factor 
 𝑃𝑃 = erosion control practice factor 
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. The RUSLE is presented in Eq. (2). 
 𝐴𝐴 = 𝑅𝑅 ∗ 𝐾𝐾 ∗ 𝐿𝐿𝑆𝑆 ∗ 𝐶𝐶 ∗ 𝑃𝑃 Eq. (2) 
where, 
 𝐴𝐴 = soil loss (tons/acre/ year) 
 𝑅𝑅 = rainfall erosivity factor (hundreds of (ft tons ac-1 yr-1 in hr-1)) 
 𝐾𝐾 = soil erodibility factor (tons ac-1 (hundreds of ft tons ac-1 in hr-1)-1) 
 𝐿𝐿𝑆𝑆 = length-slope factor  
 𝐶𝐶  = crop management factor  
 𝑃𝑃  = erosion control practice factor  
  Soil loss models rely on input variables including rainfall data (R factor), soil 
characteristics (K factor), topography (LS factor), cover practices (C factor), and sediment 
management practices (P factor) (Lim et al. 2005).  These soil loss models can be useful for 
predicting sediment yield from disturbed areas; however, they are rarely used during the 
development of SWPPPs due to limitations in analyzing one individual slope at a time.  RUSLE2 
is a computer database version that uses the same principles as RUSLE, but relies on software to 
simplify the selection of parameters and calculation of the erosion model, RUSLE2 however is 
also limited to analysis on a single slope.  Construction sites are highly dynamic in nature, with 
phasing, changing topography, non-uniformity in soil distributions, varying cover conditions, 
and seasonal rainfall differences.  This makes it difficult to apply a soil loss model that produces 
an accurate representation of site conditions.  
The aim of developing a RUSLE model for this study was utilizing aerial inspection 
outputs for the use of designers by determining vulnerable areas on site.  ArcMap environment 
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was used in this study for modeling RUSLE calculations as a map layer which considers five 
different parameters to calculate the amount of soil loss.  DSMs created as an outcome of aerial 
inspections were used as an area of intent input into the RUSLE model and five different layers 
were created for each parameter by using different sources.  This tool visualized the soil loss 
amounts so that designers can rapidly compare their design approaches with the needs of the site 
and improve the performance of their design.  The process of creating layers for each parameter 
will be explained in this chapter and preliminary results will be discussed. 
 
Rainfall Runoff Erosivity (R) Factor  
R-factor contains information about the amount of erosivity occurring due to rainfall 
runoff and this data has been visualized by using three different isoerodent maps that include R-
factor values for all of the states in the U.S. (USEPA 2012).  In this study, the isoerodent maps 
within Iowa were digitized to develop .shp files were not available for our focused area. A .shp 
file is a vector data storage format that is used in GIS software.  In this case, digitizing offered an 
effective way to convert hardcopy or printed maps into raster format, which is a graphic type that 
displays data as a composition of pixels. 
The first step of this process was changing the projection of the state borders of Iowa in 
ArcMap since the scanned copy of the isoerodent map was in Albers Area Equal Iconic 
projection.  The pdf version of the isoerodent map that was prepared by Wischmeier and Smith 
(1978) was imported into an AutoCAD file and the isoerodent contour lines were digitized by 
using the spline command.  Isoerodent contour lines were digitized in a way that exceeds the 
state boundaries for increasing the accuracy of the interpolation between the lines later used in 
GIS.  The state borders of Iowa were exported as a .dxf format and imported into the same 
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AutoCAD file.  Digitized isoerodent lines were brought into the same scale with Iowa borders 
and this .dxf file was imported into ArcMap by using ArcCatalog.  
The imported .dxf file was converted into a .shp file that needed to be in a polyline 
format.  The coordinate system of the DSM, which was coming from aerial inspection 
photogrammetry results, was in the Iowa North coordinate system.  Therefore, the projection of 
isoerodent map .shp file had to be changed into the same coordinate system with the DSM.  The 
attribute table of the digitized isoerodent map was prepared by manually assigning R-factor 
values for each contour line and the contour to raster tool was used to create a raster layer of the 
R-factor for Iowa.  This R-factor layer was clipped into the area of intent, which created the final 
R-factor layer for RUSLE calculations. 
 
Soil Erodibility (K) Factor 
The U.S. Department of Agriculture (USDA) Web Soil Survey contains accessible data 
for soil properties, which includes soil erosion factors (USDA 2019).  K-factor layer was 
prepared by importing the area of intent shapefile into Web Soil Survey to have access to K-
factor data.  The data was downloaded and imported into ArcMap for preparing the K-factor 
layer for RUSLE calculations.  The imported layer contained K-factors in its attribute table.  The 
output layer’s coordinate system was changed into Iowa North for having the same projection in 
all of the layers. 
Length-Slope (LS) Factor 
The LS-factor layer was created by using the hydrologic tool in ArcMap for the area of 
intent.  The DSM was used for creating fill, flow direction, and flow accumulation layers. Raster 
Math was used as a method to calculate LS values for creating the LS-factor layer in ArcMap.  
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The LS factor equation of Moore and Wilson (1992) was preferred due to its compatibility with 
mapping the effects of hydrology.  
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LS factor equation of Moore and Wilson is shown in Eq. (3). 
 
𝐿𝐿𝑆𝑆 = � 𝐴𝐴𝑠𝑠22.13�𝑚𝑚 ∗ �sin(𝛽𝛽)0.0896�𝑛𝑛 Eq. (3) 
where, 
 𝐿𝐿𝑆𝑆 = length-slope factor 
 𝐴𝐴𝑠𝑠 = specific catchement area 
 𝑚𝑚 = 0.4 
 𝑛𝑛 = 1.3 
 𝛽𝛽 = slope angle in degrees 
In the raster math calculation, flow accumulation layer was multiplied by the DEM cell 
resolution value and inserted in the equation as specific catchment area (As).  The slope layer of 
the area was created in degree by using the spatial analyst tools and this layer was inserted as the 
θ value in the equation.  Raster math calculated LS values and prepared the LS-factor layer for 
RUSLE calculations. 
In the LS factor layer several cells did not contain any data and were visualized as white 
cells.  High resolution DSM of the area contained significant amount of noise and this might 
possibly affect the LS factor calculation.  In addition, since the area of intent was a small section 
of a construction site, some parts did not have LS factor values.  Missing data for LS factor also 
affected the preliminary result layer of soil loss calculations. 
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Crop Management (C) and Erosion Control Practice (P) Factors 
C-factor value for the entire area of intent was considered as “1.0” since typically 
construction sites do not have any crop management applications during the construction 
activities (Wischmeier and Smith 1978).  Moreover, P-factor value was also “1” since the site 
had bare soil during the construction season (Fifield 2011).  Therefore, two different layers were 
prepared as the shape of the area of intent which has the value of “1” for C and P factors in 
RUSLE calculations.  Figure 20 shows layers that were generated for each factor in ArcMap 
software. 
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(a) R factor output layer 
 
(b) K factor output layer 
 
(c) LS factor output layer 
 
(d) C factor output layer 
 
(e) P factor output layer 
Figure 20:  Output Layers for RUSLE Factors 
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Preliminary RUSLE Results 
After the preparation of the parameter layers, soil loss layer was formed by using the 
raster math tool to multiply input layers to receive soil loss amounts in tons/acre/year according 
to the RUSLE equation.  The output layer was the result of the RUSLE calculations for the area 
of intent which showed a preliminary result for using aerial inspection outputs for supporting 
E&SC designers.  Figure 21 shows the result for RUSLE layer.  According to the resulting layer, 
it was observed that the majority of the area was exposed to soil loss between 0-15 
tons/acre/year.  Soil loss was increasing up to approximately 740 tons/acre/year in the channels 
where silt fence ditch checks and wattles were located.  The increase in soil loss was also 
observed in steep slopes where silt fence perimeter controls were located which indicates the 
necessity of E&SC design in this context.   
 
Figure 21:  Soil Loss Layer (RUSLE) 
 
The white areas in Figure 21 do not represent any data.  No data cells occurred due to LS 
factor layer which contained significant number of missing data.  However, the resulting RUSLE 
layer still provides an accurate overview of the soil loss.  The increase in soil loss was observed 
by zooming into the layer in ArcMap and soil loss values were checked by identifying red and 
orange cells in the layer. 
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Summary 
This demonstrated approach has the capability of increasing the efficiency of E&SC 
designs and making scenario analyses for taking precautions in case of changing construction 
conditions.  RUSLE models can be updated regularly since continuous implementation of aerial 
inspections will provide updated data for erosion rates on the site.  Therefore, designers may be 
able to notice sudden changes rapidly to adapt their design methodology into unstable conditions 
created by construction activities. 
Further studies will focus on testing the accuracy of the RUSLE models created by using 
photogrammetry results.  Moreover, preparing a RUSLE model guideline for designers will be 
another focus area for the further studies.  The guideline will provide a comprehensive 
framework for designers to implement this methodology for construction projects.  The DOT 
designers of each state in the U.S. can utilize this tool by analyzing each RUSLE factor 
individually for their respective state and develop effective designs. 
 
66 
 
CHAPTER 7.    CONCLUSION 
UAS technology has become increasingly leveraged to provide rapid solutions across 
diverse disciplines due to its unique ability to capture visuals that are compatible with different 
applications such as photogrammetry, GIS, and deep learning.  UAS is also expanding its usage 
in the construction industry by showing an impressive progress for various purposes such as 
inspecting, monitoring, and surveying.  This study focused on implementing E&SC inspections 
by using UAS technology and providing various outputs for use of inspectors and designers.  The 
results of the study emphasizes the benefits of using state-of-the-art techniques for E&SC 
inspections with the purpose of meeting inspection requirements in an efficient way.  
 Aerial inspections has the capability to become an important data source for E&SC 
inspections within its limitations.  In spite of the fact that the technical limitations such as low 
battery life and inoperable weather conditions, UASs can improve inspection implementation 
procedures and documentation.  Preliminary results of this study showed that aerial inspections 
can capture high quality images of implementation deficiencies on site, compared to the pictures 
taken during traditional on-foot inspections.  The study highlighted that the outcomes of aerial 
inspections are the key factors in photogrammetric applications to create point clouds, DSMs and 
mosaic views which represent datasets for GIS, deep learning and RUSLE applications.  
 GIS applications provide a foundation for many different professional areas due its 
compatibility with various types of visualization and analysis.  This study showed the potential 
of GIS to become a useful tool for creating site plans, applying hydrologic analysis and RUSLE 
calculations.  The use of GIS for these purposes adds benefits into design procedure by providing 
continuous data from the site while improving inspection outputs.  Inspectors and designers can 
both use these outcomes for comparing plan sets with the current situation and improving 
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implementation procedures to meet the requirements without receiving any penalties.  Future 
studies should improve the preparation procedure of GIS outputs for reducing the processing 
time. 
 Deep learning-based object detection in this study proved a capacity of aerial inspections 
to become an innovative approach by detecting each practice on the site.  Preliminary results of 
this study were able to detect rock check dams with approximately 70% accuracy.  However, the 
model needs more data for accurate detection.  Further studies should focus on improving this 
model by feeding it with more data and providing a user-friendly interface for inspectors that 
detects practices with requiring less technical steps.  In addition, future studies should include 
other practices to the model such as silt fences and wattles.  The silt fence annotation process 
might require using the semantic segmentation approach that annotates the object pixel by pixel 
since their shape consists of non-uniform lines.  This approach might be more time consuming 
during model preparation for practices such as silt fence.  Therefore, using smaller rectangular 
annotations as close as possible to the practice may be another option for future studies for 
practice based detection.  
The study showed the need of a proper framework for aerial inspections due to the 
technical knowledge requirement for using aerial imagery in GIS and deep learning applications.  
Hence, guidelines and training modules for each application should be prepared in future studies 
to allow for aerial inspections to be implemented as seamlessly as possible by inspectors.  This 
innovative approach will increase the efficiency by saving time and resources required to 
conduct inspections, while providing a greater amount of data for design and decision making.  
Moreover, it will widen the perspective of inspections and designs with its numerous useful 
features if it becomes applicable for the construction industry. 
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